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Abstract
We report on a long-term monitoring of a newly discovered X-ray nova, MAXI J1910−057 (=
Swift J1910.2−0546), by MAXI and Swift. The new X-ray transient was first detected on 2012 May 31 by MAXI
Gas Slit Camera (GSC) and Swift Burst Alert Telescope (BAT) almost simultaneously. We analyzed X-ray and UV
data for 270 days since the outburst onset taken by repeated MAXI scans and Swift pointing observations. The
obtained X-ray light curve for the inital 90 days is roughly represented by a fast-rise and exponential-decay profile.
However, it re-brightened on the ∼ 110 days after the onset and finally went down below both GSC and BAT detec-
tion limits on the 240 day. All the X-ray energy spectra are fitted well with a model consisting of a multi-color-disk
blackbody and its Comptonized hard tail. During the soft-state periods, the inner-disk radius of the best-fit model
were almost constant. If the radius represents the innermost stable circular orbit of a non-spinning black hole and the
soft-to-hard transitions occur at 1–4% of the Eddington luminosity, the mass of the compact object is estimated to
be > 2.9M⊙ and the distance to be > 1.70 kpc. The inner-disk radius became larger in the hard / hard-intermediate
state. This suggests that the accretion disk would be truncated. We detected an excess of the UV flux over the disk
blackbody component extrapolated from the X-ray data, which can be modelled as reprocessed emission irradiated
by the inner disk. We also found that the UV light curve mostly traced the X-ray curve, but a short dipping event was
observed in both the UV and the X-ray bands with a 3.5-day X-ray time lag. This can be interpreted as the radial
inflow of accreting matter from the outer UV region to the inner X-ray region.
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1. Introduction
Galactic low-mass X-ray binaries (LMXBs) are classified
into two different types, neutron star binary and black hole X-
ray binary (BHXB). While some of LMXBs are persistently
on, most of the BHXBs are thought to be transients that are
normally in a quiescent state and occasionally exhibit episodic
brightening called “outburst”. The outburst is triggered by
sudden increase of mass accretion rate onto the compact star.
There are two competing models that regulate the accretion
flow, namely, “mass transfer instability model” (Hameury et
al. 1994) and “disk thermal instability model” (Mineshige &
Wheeler 1994).
During the outburst, BHXBs change its X-ray luminosity
in several orders of magnitude and transit through two ma-
jor spectral states, “soft state” and “hard state”. The X-ray
spectrum in the soft state (hereafrer SS) is characterized by
an ultra-soft component which originates from optically-thick
and geometrically-thin accretion disk, called “standard disk”
(Shakura & Sunyaev 1973). Many observations show that the
inner-most radius rin remains constant irrespective of variation
of the inner most temperature. Therefore, the rin is believed
to reflect the inner stable circular orbit (ISCO). The hard state
(hereafrer HS) is approximated by a single power-law with a
photon index 1.4–2.0 and a high-energy cutoff at ∼100 keV.
Sunyaev & Tru¨mper (1979) successfully explained this emis-
sion by thermal Comptonization of soft seed photons in the hot
corona. The seed photons are believed to come from the stan-
dard disk which is truncated in a large rin (Zdziarski et al.
1998, Makishima et al. 2008). The hysteresis in X-ray inten-
sity between the HS-to-SS and SS-to-HS state transitions pro-
duces a q-shaped track in a hardness intensity diagram, called
“q-curve” (Homan & Belloni 2005).
Past X-ray observations of BHXBs including RXTE and
MAXI revealed a variety of light-curve profiles among BHXBs
(e.g. Chen et al. 1997). “X-ray nova” is a subclass of these
BHXB transients, which includes A0620−00 (Kaluzienski et
al. 1977), GS 1124−68 (Ebisawa et al. 1994), GS 2000+25
(Tsunemi et al. 1989) and GRO J0422+32 (Harmon et al.
1992). They are characterized by a simple light-curve profile
of fast-rise and exponential-decay normally followed by late
re-flaring (Tanaka & Shibazaki 1996). The simple profile al-
lows us to study accretion inflow of the black-hole binary sys-
tem apart from complicated behavior around the inner disk.
A newly discovered X-ray transient MAXI J1910−057 (=
Swift J1910.2−0546) is categorized into X-ray novae from
the profile of the X-ray light curve. The source was de-
tected by Gas-Slit Camera (GSC; Mihara et al. 2011) on-
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board Monitor All-sky X-ray Image (MAXI; Matsuoka et al.
2009) operated on the international space station (ISS). On
2012 May 31 22:36 (MJD=56078.941667), MAXI transient
alert system (NovaSearch; Negoro et al. 2012) detected an
enhanced X-ray emission at (R.A., Dec)=(287.◦8, −5.◦8), and
then issued a flash report tagged by Trigger ID=6078777285 to
the “New-transient” alert mailing list1 maintained by MAXI
team. The updated information was also reported to the
Astronomer’s Telegram (Usui et al. 2012). Swift Burst Alert
Telescope (BAT; Barthelmy et al. 2005) independently de-
tected the source (Krimm et al. 2012). Therefore, this source
is also referred to as Swift J1910.2−0546. The first Swift
pointing observation, performed at 2012 June 1 14:41 (MJD
56079.611806), refined the source position to (R.A., Dec)
(J2000) = (19h10m22.s78,−05◦47′58.′′0) (Kennea et al. 2012)
with an uncertainty of 3.′′5 radius. The source is also identified
with optical observations (Rau et al. 2012). Previous works on
this source by Reis et al. (2013) presented results of two XMM–
Newton observations in a hard or hard-intermediate state, and
they reported a possibility of retrograde spin. Degenaar et
al. (2014) investigated the correlation around the re-flare us-
ing multi wavelength light curves from near-infrared to X-ray
bands.
In this paper we studied this “classical” X-ray nova from the
onset on 2012 May 31 (MJD=56078) to the end of the activ-
ity around 2013 January 26 (MJD=56318) using data ofMAXI
and Swift, complementally. Hereafter, t denotes the elapsed
time since the date of the onset, MJD=56078.0. We performed
light-curve and spectral analyses of X-ray and UV data uti-
lizing HEASOFT version 6.13 with xspec version 12.8.0m,
and MAXI specific tools developed on the basis of ftools.
Errors represent 1σ and 90% confidence limits for light curve
data and best-fit spectral parameters, respectively, throughout
the following sections.
2. Instruments and Data Reduction
2.1. MAXI
MAXI, in operation since 2009 August, has two scientific in-
struments, GSC and SSC (Solid-state Slit Camera; Tomida et
al. 2011). Both GSC and SSC cover two instantaneous rectan-
gular fields of view (FOV), aimed at the earth horizon and the
zenith directions. Each FOV of 3×160 deg2 in GSC and 3×90
deg2 in SSC is determined by a slit and slats collimators. The
target visibility is determined by an ISS attitude which rotates
with the orbital motion. Each visible time (hereafter referred
to as “transit”) lasts for 50–150 sec for GSC, and 40–60 sec for
SSC. The effective area changes due to the triangular-shaped
collimator transmission with a peak value of 4–5 and 0.6–0.9
cm2 for GSC and SSC, respectively.
2.1.1. GSC data
We used MAXI specific analysis tools and the script which
are developed by the MAXI team. These software are utilized
in the MAXI on-demand data processing system accessed viea
web interface2(Nakahira et al. 2012), where the latest cali-
bration information is applied. In the period of interest in this
1 https://maxi.riken.jp/mailman/listinfo/new-transient
2 http://maxi.riken.jp/mxondem
paper, six GSC counters out of the twelve were turned on, and
others were kept off for redundancy (Sugizaki et al. 2011).
We utilized data of GSC #0, 2, 7 operated at the high voltage
of 1550 V and of GSC #4, 5 at 1650 V. Here we did not utilize
GSC#3 because it was degraded and not suitable for spectral
analysis. The X-ray event data archived as the GSC event re-
vision 1.4 was used. Then we set the source regions and the
background regions for the analysis. For source regions, a cir-
cle centered at the target position was used. Because 1550 V
counters have relatively wider PSF than those of 1650 V, we
use the radius rs of 2.◦0 and 1.◦5, respectively. For background
regions we used an annulus region between an inner radius of
rs+0.◦1 and an outer radius of rs+1.◦0 centered on the target po-
sition. Additionally we excluded X-ray events within 1.◦5 from
an X-ray burster 4U 1916–053 which locates 2.◦1 apart from
the target source. We discarded these data where the source
and background regions 1) were shaded by solar panels or other
ISS structure, or 2) the scan of either region was not completed.
As a result, we collected 2886 transits of 493.6 cm2 ksec.
2.1.2. SSC data
The SSC observation was conducted in similar manner as
GSC. Hence, SSC data is analyzed in the similar manner as
the GSC except for the data screening. We first removed the
hot pixels with cleansis in ftools. We then collected
single-pixel events (G0) in the energy band below 1.84 keV,
and included split events (G12) above 1.84 keV. The energy
gain was corrected by using copper Kα emission line from the
SSC camera body, and the gain temperature dependence was
also corrected. Since the SSC data were contaminated by the
visible/infrared light from the Sun and Moon (Tsunemi et al.
2010), we selected data taken during the ISS night time, and
then eliminated such events that the angular separation from
the Moon is < 5◦. In this manner, we collected 844 transits
of 22.2 cm2 ks. To avoid thermal noise due to relatively higher
CCD temperature, we ignored energy bin below 0.7 keV, above
7 keV dominated by background. Since the response function
of SSC has calibration uncertainties of about 10% in normal-
ization, we performed simultaneous model fits to both GSC and
SSC spectral data introducing a cross normalization factor. We
set the factor equal to 1.0 in GSC, and let free in SSC.
2.2. Swift
Since the discovery of the new X-ray source,
MAXI J1910−057 (= Swift J1910.2−0546), Swift (Burrows
et al. 2005) pointing observations were carried out with
X-Ray Telescope (XRT) and UV Optical Telescope (UVOT;
Roming et al. 2006) every one to ∼ten day interval. Due
to the Sun angle constraint, no observations were available
from 2012 November 26 to 2013 March 9. We utilized all the
observation data taken until 2012 November, whose target IDs
are 32480, 32521 and 32742.
2.2.1. XRT data
We utilized both data taken with PC and WT modes with an
exposure of a few ks. All X-ray spectra and light-curve files
were produced on the data-archive web site supplied by the
UK Swift Science Data Centre at the University of Leicester
(Evans et al. 2009). We performed spectral analysis with a
response matrix file swxwt0to2s6 20010101v014.rmf
in the 0.4–10 keV energy band.
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2.2.2. UVOT data
We collected UVOT data from NASA/HEASARC data
center. We extracted fluxes and energy spectra with
uvotproduct and uvot2pha in ftools, respectively.
Since observations of ID=32521 were performed with a sin-
gle UVM2 filter (2246 A˚), the light curve analysis is focused
on the UVM2 band. We integrated image using uvotimsum,
and then estimated background carefully from the source free
region.
2.2.3. BAT light curve
The Burst Alert Telescope (BAT) on Swift is an all-sky
monitor to search for Gamma-ray bursts. While searching for
bursts, it is capable of monitoring hard X-ray sources. We uti-
lized the archived 15–50 keV light-curve data with a one-day
time bin, available on the “BAT Transient Monitor” website
(Krimm et al. 2013) 3.
3. Analysis results
3.1. Light curves and hardness variations
In figure 1, we plot GSC 2–6 keV and 6–20 keV light curves
and their hardness ratio (HR1), SSC 0.7–2 keV and 2–7 keV
light curves, XRT 0.4–10 keV light curve and hardness ratio of
the 5–10 keV to the 3–5 keV (HR2), UVOT light curve with
UVM2 filter, and BAT 15-50 keV light curve. Data are binned
by 0.5, 1, 2, 4 or 8 days depending on photon statistics of each
bin. GSC scanned the source almost every day since the mis-
sion started in 2009 August. We investigated the GSC event
data before the outburst onset. However, no significant excess
over the background was detected. The hardness variation im-
plies that the source exhibited spectral transition between HS
and SS. Hence, we divided the entire periods into five intervals,
labeled as HS1 (t< 3 d), SS1 (3 d <t< 66 d), HS2 (66 d <t<
102 d), SS2 (102 d < t< 132 d), and HS3 (132 d < t) in figure
1, according to the HR1 below/above 0.4. or HR2 below/above
0.2. We employed HR1 in t < 80 d and HR2 in t > 80 d ac-
cording to the data frequency and the photon statistics.
As noticed from the GSC light curves, the 2–6 keV flux in-
creased rapidly in the outburst beginning and reached the peak
of 1.70 counts cm−2 s−1 ≃ 950 mCrab at t ∼ 10 d, where the
6–20 keV flux decreased. This caused the state transition from
HS1 to SS1. While the X-ray emission in the soft state is dom-
inated by a soft component, a weak hard X-ray peak was also
seen at around t= 15− 30 d (Kimura et al. 2012). In the SS1,
the 2–6 keV flux declined steady, but the 6–20 keV turned to
increase at t = 50 d, and then the source returned to the hard
state (HS2) (Nakahira et al. 2012).
After t ∼ 100 d, the source repearted the same state-change
cycle of the hard(HS2)-soft(SS2)-hard(HS3) while the inten-
sity declined gradually. In the HS3, the X-ray intensity varied
to some degree keeping a hard spectrum. Further decay began
around t=230 d, and gone below both GSC and BAT detection
limits after t= 240 d.
The UV light curve showed similar shape to soft X-ray light
curve from SS1 until t = 140 d. However, it showed a clear
deviation after then. The correlation between UV and X-ray is
studied in section 3.4.
3 http://swift.gsfc.nasa.gov/docs/swift/results/transients
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Fig. 1. Upper three panels are MAXI/GSC 2–6 keV, 6–20 keV counts
and hardness ratio between 6-20 keV and 2-6 keV band (HR1). The
next six panels show MAXI/SSC 0.7–2 keV and 2–7 keV lights curve,
then Swift/XRT 0.4–10 keV, 5–10/3–5 keV (HR2), Swift/XRT light
curve of UVM filter, and Swift/BAT 15-50 keV. Five periods split by
MAXI/GSC HR=0.4 and Swift HR=0.2 (red lines) are shown at the top
of the figure.
The entire structures of light curve is characterized with a
fast rise and an exponential decay, followed by a re-flaring and
latter long tail. This feature resembles the classical black hole
X-ray novae (Tanaka & Shibazaki 1996).
3.2. Evolution of X-ray Spectrum
We investigate X-ray spectral evolution during the entire out-
burst using MAXI data with a continuous time coverage and
Swift XRT data with a high sensitivity. Because daily MAXI
data taken by GSC and SSC do not have enough photon statis-
tics except for the initial bright phase, we accumulated spec-
tral data for periods of several days for each of GSC and SSC.
If both GSC and SSC data are available in some time period,
they were fitted simultaneously. Swift XRT spectra were ac-
cumulated for each pointing observations. Figure 2 presents
representative X-ray spectra in a νFν form.
Since the compact object is suggested to be a black hole
from the light curve, we employed a model consisting of a
Multi-Color Disk-blackbody (MCD; Mitsuda et al. 1984),
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diskbb in xspec terminology, and its Compton up-scattered
component with hot thermal electrons, nthcomp. To ac-
count for an interstellar absorption, we applied the Tuebingen-
Boulder ISM absorption model (TBabs) with an abundance
model of Wilms et al. (2000). The model is described by
TBabs×(diskbb+nthcomp) with free parameters of the neutral
hydrogen column density (NH), innermost temperature (Tin)
and normalization of the diskbb, photon index (Γ), electron
temperature (kTe) and a normalization of the nthcomp. We
fixed kTe at 50 keV because it cannot be constrained in the
observed X-ray band. Since some observations in the bright
phases indicated edge-like residuals between data and model
probably due to error in the response function, we assigned
systematic error of 5% into each energy bin corresponds 1.6-
2.2 keV of the spectra.
Firstly, we fitted the model to all extracted XRT spectra al-
lowing NH free. The best-fit NH values were mostly con-
sistent with 0.41× 1022 cm−2 during the soft-state periods
(SS1 and SS2). In the hard state, the value could not be con-
strained because the soft X-ray continuum is not well deter-
mined. Hence, we adopted the best-fit NH in the soft state,
0.41×1022 cm−2, as the intrinsic interstellar absorption. In
the SS, Γ cannot be determined for each spectrum due to the
limited effective area of GSC, SSC and XRT in the higher en-
ergy band. Therefore, we fixed Γ at 2.4 as typical value in SS
(McClintock & Remillard 2006), and we left Γ free in the HS.
In some of the HS spectra observed by GSC alone, the direct
MCD component represented by diskbb was not significantly
detected due to the poor efficiency in the lower energy band. In
this case, we removed diskbb and assigned the typical Tin=0.15
keV for a seed photon of nthcomp. We confirmed that the as-
sumed Tin does not change the best-fit Γ in the 2-20 keV band.
The fits to all the extracted spectra were mostly acceptable.
Table 1 summarizes the best-fit parameters for the representa-
tive spectra in figure 3, where the best-fit models are overlaid
on the data. Assuming that the Compton up-scattering process
is isotropic and preserves the number of photons, we estimated
innermost radius rin of the MCD model with a following equa-
tion (Kubota et al. 2004)
F pdisk+F
p
thc2cos i
= 0.0165
[
r2in cosi
(D/10 kpc)2
](
Tin
1 keV
)3
photons s−1cm−2,(1)
where the F pdisk and F
p
thc represent the photon fluxes from
the MCD and Comptonized component, respectively. We
also calculated the fraction of the Compton-scattered photon,
fsc =
Fp
thc
Fp
disk
+Fp
thc
. These values are listed in 1. Figure 3 shows
the variations of the spectral parameters as a function of time.
3.3. X-ray hardness-intensity diagram
In order to clarify the spectral evolution, hardness-ratio ver-
sus flux diagrams were plotted in figure 4. The horizontal axis
and vertical axis represent Swift/XRT 3-5/5-10 keV HR and
FX obtained with model fits, respectively. The figure is split
into (a) HS1, SS2 and before t=90 d of HS2, (b) after t=90
d of HS2, SS2 and HS3. Comparing the diagram with those
obtained with past observations of black holes (e.g. Homan
& Belloni 2005, Nakahira et al. 2010), we found two un-
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Fig. 3. Time evolution of spectral parameters derived from spectral
fit. Circler points are MAXI/GSC (open black) and GSC plus SSC
(filled blue) data analyzed with TBabs×(diskbb+nthcomp) model, and
triangular points are those with Swift/XRT data. Square points show
that with GSC data but Tin=0.15 keV is assumed. The panels from the
top indicate, innermost temperature Tin (keV), innermost radius rin,
photon Index Γ, fraction of nthcomp component, unabsorbed model
flux in 0.01–100 keV FX and reduced χ2. Time periods corresponding
to HS1–3, SS1-2 and A–H in figure 2 are shown above.
usual features. One is that it exhibited hard-to-soft and soft-to-
hard spectral state transitions twice, as seen in figures 4(a) and
(b). The other is transition luminosities. Usually Hard-to-soft
transition occurs at higher luminosity than soft-to-hard transi-
tion. However, in the case of SS2 to HS3 transition occurred
at ∼twice brighter luminosity than that of HS2 to SS2 transi-
tion. Nevertheless, we found that SS1 to HS2 and SS2 to HS3
transitions occur at a similar X-ray flux. If we assume that the
transitions occur at HR of 0.15–0.25, the corresponding flux
becomes 1.28–2.33×10−8 erg cm−2 s−1.
3.4. X-ray and UV correlation
In this section, we investigate relation between X-ray and
UV emission. Since optical/UV emission is reddened by the
dust lying in the line of sight toward the source, we estimated
the extinction factor utilizing empirical relation given by Gu¨ver
et al. (2009) as NH = (2.21± 0.09)Av× 10−21 cm−2. From
NH = 0.41× 10
22 cm−2 obtained by X-ray spectrum, and as-
suming Av = 3.1E(B−V ) (Savage & Mathis 1979), we ob-
tained E(B−V ) = 0.598.
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Table 1. Best-fit model parameters obtained from MAXI/GSC, SSC and Swift/XRT spectra.
Period Instruments t∗ Tin rin† Γ fsc‡ FX§ χ2 / d.o.f
(day) (keV) (km)
A MAXI/GSC 0.0–1.0 – – 1.99+0.59−0.51 – 5.0+16.7−1.3 4.4 / 6
B Swift/XRT 1.6 0.35±0.03 183+29−19 2.54
+0.38
−0.39 0.30 12.0
+0.2
−0.3 214.9 / 201
C MAXI/GSC+SSC 12.0–13.0 0.63±0.01 141.6+4.6−4.2 2.4 (fixed) 0.00 69.1±2.5 168.5 / 217
D MAXI/GSC+SSC 18.0–19.0 0.59±0.02 146.4+5.9−5.7 2.4 (fixed) 0.05 66.4+3.7−3.5 272.8 / 254
E MAXI/GSC+SSC 62.0–66.0 0.27±0.03 400+83−64 2.4 (fixed) 0.25 48.3±1.8 116.2 / 143
F Swift/XRT 97.5 0.18±0.01 303+16−14 2.26±0.08 0.14 2.6±0.1 364.3 / 362
G Swift/XRT 113.2 0.47±0.00 125.8±1.4 2.4 (fixed) 0.01 18.5±0.1 480.3 / 388
H Swift/XRT 165.0 0.17±0.04 128+57−35 1.73
+0.06
−0.07 0.49 1.1±0.1 386.6 / 356
I MAXI/GSC 202.0–222.0 – – 1.88+0.13−0.12 – 2.5+0.3−0.2 72.7 / 74
∗ Elapsed days since MJD=56078.0
†D=10.0 kpc and i = 0 are assumed.
‡Scattering fraction of the model, calculated from photon numbers of diskbb (F p
disk
) and nthcomp(F p
thc
) to be F
p
thc
F
p
thc
+F
p
disk
.
§ Absorption-corrected model flux in units of 10−9erg cm−2 s−1 in 0.01–100 keV band.
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Fig. 2. MAXI/GSC and SSC νFν spectra accumulated in the range of A) t=0.0–1.0 d, C) t=12.0–13.0 d, D) t=18.0–19.0 d, E) t=62.0–66.0 d and I)
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Fig. 6. Scatter plot of FX versus FUV, with the same color-indexing as
figure 4. The data points were connected with a dashed line in the order
of time-series. The solid line indicates FUV ∝F 0.70X obtained for SS1
and SS2. Sub figure is modified for a UV–X-ray delay interpolating
FX, solid line is the same as main plot.
We have overlaid X-ray and UV light curves in figure 5(a).
FX is identical to that indicated in figure 3, and FUV is the
same data; but we converted UVM2 Magnitude into extinction-
corrected flux. We found that FX and FUV correlated nicely
during exponentially decay phases, that is t= 10–90 d and t=
110–130 d. The e-folding time of FX and FUV flux was 30 and
56 days for t=10–90 d, and 37 and 51 days for t=110-130 d,
respectively. We obtained e-folding time of FUV to be about
twice larger than that of FX. However, we can find apparent
mismatches on t = 90–110 d, and after t=140 d. We show
scatter plots between FUV and FX in figure 6. Excluding the
period t = 90–110 d (shown with star points), the relation is
approximated by FUV ∝ F 0.70±0.02X in the SS1 and SS.
Figure 5(b) zooms up the light curves around t = 90–110
d. We can find the dip with a time difference between FX and
FUV and subsequent FUV excess. In order to estimate the time
difference from FUV to FX on the dip, we perform a model
fit. The model is described by a logarithmically interpolated
FUV light curve (red region in figure 5(b)) which is convolved
with a Gaussian kernel. Using this model, we fitted FX light
curve from t=90 to 110 d assumingFUV∝F 0.45X obtained from
the corresponding period of figure 6. Eventually, we obtained a
profile of time delay from FUV to FX to be centered at 3.5±0.2
days and a full-width at half-maximum (FWHM) of 3.8+0.8−0.7
days. We indicated a best-fit model with a cyan line in 5(b).
3.5. Joint UV and X-ray spectral analysis
In order to investigate origin of the UV emission, we per-
formed Swift/XRT spectral analyses including Swift/UVOT
data. We first examined the SS spectra taken at t=17.0 d with
six UVOT filters. We used a redden×TBabs×(diskbb+thcomp)
model in xspecwhere the redden model represents the extinc-
tion. We found that the UV/optical flux is 2.5-4 times larger
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figure 6.
than that extrapolated from the MCD. The fitting is far from
acceptable level at 3.54 (χ2/d.o.f.=1140.1/322).
Next we employed the diskir model (Gierlin´ski et al. 2008)
which calculates a reprocessed energy spectrum from an irradi-
ated disk by X-rays from the diskbb and nthcomp model com-
ponents. We used a redden×TBabs×diskir model where we
fixed E(B−V ) at 0.598, the fraction of the thermalized com-
ponent fin at 0.1, and a radius of the illuminated disk rirr at 1.1
rin (e.g. Gierlin´ski et al. 2009, Shidatsu et al. 2013).
The fit was acceptable yielding χ2/d.o.f. = 344.2/320.
Unabsorbed and de-reddened νFν spectra of the irradiated
disk model and the data are shown in figure 7(a). The model
has free parameters of Tin, rin, an outer disk radius rout,
a luminosity ratio of the Compton tail to the unilluminated
(inner) disk Lc/Ld, and a fraction of bolometric flux ther-
malized in the outer disk fout. The parameters in the X-
ray band were almost consistent with those obtained with
the diskbb model, Tin=0.59±0.01 keV, rin=170.0+4.6−4.5 km,
log10(rout/rin)=4.32+0.08−0.07, and fout=0.90+0.13−0.11× 10−3.
Assuming that the UV-excess fluxes are entirely produced by
the disk irradiation, we applied this model for all the Swift ob-
servations. Since the spectrum with a single UVOT band data
cannot give constraints on rout and fout at the same time. Thus
we first analyzed spectra which have 6 UVOT bands allowing
both rout and fout to be free. As shown in figure 8(a), log10
(rout/rin) are found to be constant at ∼4.33. Then we fixed
rout at this value, and fit the other spectra. The results of fout
are shown as a function of time (figure 8 b). The representative
spectra and these best-fit parameters are summarized in figures
7 and table2.
4. Discussions
4.1. Summary of the results
We monitored the entire outburst from MAXI J1910–057
with MAXI and Swift, as the light curves in figure 1. As the
spectrum changed dramatically several times, we separated the
periods into the HS1, 2, 3, SS1 and SS2. As described in sec-
tion 3.2, we analyzed all ⁀MAXI stacked spectra and Swift/XRT
with a MCD plus a thermal Comptonization model.
MAXI J1910–057 broke out on MJD 56078 (t = 0 d). On
the first day (HS1), it showed a hard X-ray spectrum, and
then it rapidly changed to a soft spectrum (SS1). The X-
ray flux reached a maximum at t = 10 d. The hard X-ray
increased due to an enhancement of Comptonization around
t = 20 d. We found a secondary peak around t = 50 d in 2–
6 keV MAXI/GSC light curve, which is a factor of 2 higher
than that extrapolated from t = 10− 40 d. However, we con-
sider that it is an induced structure in this energy band due to
the hard-to-soft spectral change. Actually, the 0.01–100 keV
bolometric flux between t = 10 d and 90 d showed a rather
steady exponential decay with a time constant of ∼30 days.
We note that Γ remained above 2.0, which is higher than that
compared with a typical value in the HS of 1.4-1.7 (Remillard
& McClintock 2006). Hence, the HS2 could be characterized
as so-called “hard intermediate state”.
A dip structure was found around t = 95 d in X-ray flux; it
is followed by a bright re-flare (increased by a factor of ∼ten
from the dip) peaking at t= 113 day. The X-ray spectrum was
confirmed to be the soft state (SS3), meanwhile. Remaining
the hard spectrum (HS3), the outburst lasted with a flat tail until
t∼ 230 d, and then the X-ray flux declined steeply .
4.2. Structure and evolution of the inner accretion disk
The MCD component was significantly detected in both the
SS and the HS in the Swift/XRT snapshot spectra. In the SS,
the innermost disk radius was almost constant at around 150
km despite a large change in flux over an order of magnitude,
while rin=300–400 km was obtained in the HS. We have shown
the rin versus disk-flux Fdisk diagram in figure 9. In the SS,
the relation between Fdisk, Tin and rin is known to be Fdisk ∝
T 4inr
2
in. During the SS1 and the SS2, Fdisk tracks on Fdisk ∝
T 4in. However, it clearly deviates in the HS2 and the first half of
the HS3, implying the truncation of the inner disk (Zdziarski et
al. 1998).
Next, we estimate the mass of the central star, firstly as-
sumed to be a black hole, from the inner disk radius. If a
color correction factor κ has little dependence of r (Shimura
& Takahara 1995), the innermost radius Rin in the stan-
dard accretion disk model can be approximately expressed by
Rin = κ
2ξrin, where ξ is a correction factor for a maximal flux
or temperature radius. Though both κ and ξ have some uncer-
tainties (e.g., see Davis et al. 2005 for κ, and see Dotani et
al. 1998 for ξ), we take κ = 1.7 and ξ = 0.412 (Kubota et al.
1998) to directly compare with our previous results (Nakahira
et al. 2012, Yamaoka et al. 2012, Morihana et al. 2013). By
adopting the SS2 averaged radius of 138.0± 9.0 km as ISCO,
the mass for a non-spinning black hole is estimated as
MBH =
c2Rin
6G
= 18.5± 1.2
(
D
10kpc
)
(cos i)−
1
2M⊙. (2)
with a source distance in unit of 10 kpc and an inclination an-
gle from our line-of-sight i. Since no dip or eclipse feature was
observed, we assume i= 0− 60◦. Thus, the distance and mass
is constrained to the shadowed region in figure 10. Following
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Fig. 7. UV and X-ray νFν spectra obtained by Swift UVOT and XRT, respectively, at t = 17.0 d, 54.2 d, 86.7 d, 86.7 d, 93.3 d, 113.2 d, and 157.0 d.
Each upper panel shows observed and model spectra corrected for interstellar absorption and extinction. The solid line indicates a total reprocessed disk
spectrum, and the dashed line shows an intrinsic disk spectrum. Bottom panels represent residuals between the UV and X-ray data and the reprocessed
model.
Table 2. Best-fit model parameters obtained from a reprocessed model with Swift/XRT and UVOT spectra.
Time∗ Tin rin† Γ Fc/Fd‡ fout§ log10(rout/rin) ‖ χ2 / d.o.f. fobsUV / fMCDUV #
(keV) (km) × 10−3
17.0 0.59±0.01 170.0+4.6−4.5 2.40 (fixed) 0.06±0.01 0.90+0.13−0.11 4.32+0.08−0.07 343.8 / 320 2.56± 0.31
54.2 0.42±0.01 148.0+4.8−4.6 2.40 (fixed) 0.23±0.01 2.25+0.46−0.35 4.32+0.13−0.11 340.4 / 336 3.86± 0.77
86.7 0.20±0.01 349+20−19 2.22±0.05 0.64±0.02 2.60±+0.47 4.33 (fixed) 444.9 / 431 3.52± 0.29
93.3 0.18±0.01 354+26−24 2.14±0.07 0.51±0.03 1.84+1.01−1.06 4.33 (fixed) 411.8 / 323 2.31± 0.48
113.2 0.47±0.01 128.2±2.2 2.40 (fixed) 0.02±0.01 1.53±0.24 4.33 (fixed) 388.1 / 324 3.55± 0.25
157.0 0.09±0.01 517+71−59 1.72±0.05 4.04+1.88−1.05 8.35+1.60−1.47 4.33 (fixed) 252.2 / 248 17.76± 1.58
∗ Elapsed days since MJD=56078.0
†D=10.0 kpc and i = 0◦ (face-on) are assumed.
‡ ratio of luminosity in the Compton tail to that of the unilluminated disk
§ fraction of bolometric flux which is thermalized in the outer disk
‖ log10 of the outer disk radius in terms of the inner disk radius
# ratio of observed UVM2 band flux to that calculated from MCD
∗ fraction of luminosity in the Compton tail which is thermalized in the inner disk is fixed at 0.1
†† radius of the Compton illuminated disk in terms of the inner disk radius is fixed at 1.1
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Nakahira et al. (2012) and Yamaoka et al. (2012), we de-
rive further constraints using an empirical correlation offered
by Maccarone (2003) that the soft-to-hard spectral state tran-
sition occurs between 1 to 4 % of Eddington luminosity. If
we assume that the soft-to-hard transition fluxes of 1.28–2.33
×10−8 erg cm−2 s−1 obtained in section 3.2 lie in this Ledd
range, then the hatched region in figure 10 can be derived, and
the minimum and maximum masses are obtained as 2.9M⊙ for
D = 1.7 kpc and 12.9 M⊙ for D = 5.3 kpc, respectively. The
lower limit close to 3 M⊙ is consistent with a picture that the
central star is a black hole as assumed in the mass derivation. A
further detailed estimation of the mass fully taking account of
the general relativistic effects is out of the scope of this paper.
We note that rin used in the SS2 is slightly different from
that in the SS1, which might be due to that Compton scattering
above the disk is partially expressed by the nthcomp model,
not the hardening factor κ. We also note that a larger radius
rin ≃ 200 km was obtained on t ∼ 140 d, when XMM-Newton
observation was carried out (Reis et al. 2013). The larger radius
than that in the SS implies the truncation of the optically thick
disk in that state, rather than an intrinsically large innermost
radius of a retrogradely spinning black hole (Reis et al. 2013).
4.3. Origin of UV and X-ray Dip and Re-flareing
The “fast-rise and exponential-decay” type of outbursts is
well explained by a sudden and temporary increase in mass
accretion induced, for instance, by a disk thermal instability
(Mineshige & Wheeler 1994, Cannizzo et al. 1994). During
the steady-decline phases in t = 10–90 d and 110–140 d, both
the FX and FUV light curves of MAXI J1910–057 exhibited
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Fig. 10. Observational constraints on the distance-mass diagram. The
shadowed region comes from the innermost radius derived from X-ray
spectral analysis assuming an inclination angle of 0 to 60 degree, and
the solid lines with the two dashed lines in the region indicate the best–
fit parameters and their errors when i= 0◦ and 60◦. The hatched area
is derived by further assuming the empirical relation that the soft to
hard transition occurs at 1–4% Ledd.
exponential decays (figure 5). Behaviors of the curves around
t = 90–110 d and after t = 140 d are, however, different. In
t = 90− 110 d, both the curves are characterized by the sharp
drop, and FX lags behind FUV. We computed the time de-
lay and the profile focusing on the sharp drop in section 3.4.
By employing the convolution model with a Gaussian kernel,
we obtained the lag time of 3.5±0.2 days and the diffusion
time of 3.8+0.8−0.7 days (FHWM). The lag time is consistent with
4.06±0.71 days obtained by Degenaar et al. (2014) who used
the same Swift UVOT and XRT data. We also note that the
hysteresis in the right-top of figure 6 suggests the same delay
in the early part of the outburst.
What does the dip mean? Degenaar et al. (2014) exten-
sively argued the cause of the dip in connection with jets and
state transitions. Here, we also discuss a possibility of non-
steady accretion flow. In the optically thick accretions disk, the
disk temperatureT decreases outward as T ∝r−3/4. Assuming
most photons having energyE come from the region with tem-
perature T (∼E/k) according to the Wien’s displacement law,
we observe photons with E from the radius at r ∝ E−4/3.
Thus, it is possible that the observed energy and time depen-
dent dip is caused by a low mass-accretion-rate (dark ring) re-
gion taking place at an outer part of the disk and drifting in-
ward. From the SED at t = 93.3 d (figure 7(d)), a ratio of
the X-ray-flux-peak energyEX to the UVOT (filter) central en-
ergy (2246 A˚) EUV, EX/EUV, is ∼ 100. Thus, the radius
of the UV emission region rUV can be roughly estimated as
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rUV ≃ (EUV/EX)
−4/3rin ∼ 500 rin ∼ 3000 rs. Here we as-
sume that X-rays with EX mostly come from near rin, and use
rin ≃ 2Rin(≃ 6 rs) from Tables 1 or 2. We ignore the effect of
the irradiation here.
This UV radiation radius is comparable to the radius esti-
mated from the viscous time scale for 6 days of Optical-to-X-
rays time lags (Degenaar et al. 2014) though the viscous time
scale has the uncertainty of one or two orders of magnitude. It
is interesting to note that the viscous time scale is also known
as the (radial) drift time scale (Lightman 1974) and the diffu-
sion time scale (Frank et al. 2002). Thus, the time lags (∼ 3.5
days) and the comparable diffusion time (∼ 3.8 days) we ob-
tained are consistent with the above picture.
The dip might be also associated with the bright 3rd max-
imum around t ∼ 120 d because a similar X-ray flux drop
before the 3rd maximum was also observed in A 0620-00
(Kaluzienski et al. 1977). An apparent flux excess over the
exponential decay implies enhancement of a mass-accretion
rate by an extra mass input to the disk. If the accretion rate
decreases at an outer part of the disk, a transition into a cool
(∼ 6000 K) branch of a Hydrogen neutral state sets in (Meyer
& Meyer-Hofmeister 1981). In the cool branch, the viscosity
is so small that the mass accretion once stagnates there. This
might result in the dark ring region just inside it. The transition
also causes a vertical shrink of the outer disk, allowing irradia-
tion to the companion star. This gives rise to an additional mass
transfer to the accretion disk invoked by mass transfer instabil-
ity (e.g., Chen et al. 1993), and the disk backs to a hot branch
of a Hydrogen ionized state.
Finally, we also note that the UV dip might be partially
triggered by the transition because the temperature of the hot
branch is about 104 K, of which the peak energy is around 3.4
eV. As pointed out by Degenaar et al. (2014), however, these
scenarios can not explain the sudden nIR color change (bluer)
observed with the sharp drop in UVs.
After t=140 d, FX and FUV changed asymmetrically. From
the fits to the Swift/XRT plus UVOT spectra with the repro-
cessed disk model (figure 7), a reprocessed fraction can be
considered to be increasing with time. In the present data, how-
ever, we cannot rule out other possibilities. The UV component
might be due to other components such as a jet and/or an inner
hot accretion flow (e.g., Yuan et al. 2005), and the soft X-ray
component also to an “additional variable component” (Chiang
et al. 2010), e.g., X-ray shots with a soft X-ray spectrum and
associated optical jets (Negoro et al. 1994, Malzac et al.
2003), instead of the Keplerian (less variable) disk component.
5. Conclusion
We have presented light curves and spectral results of the
entire outburst using data obtained by MAXI and Swift of the
X-ray nova MAXI J1910–057. The light curve was a fast-rise
and exponential-decay type suggesting a disk thermal instabil-
ity outburst. As well as past observations of X-ray novae, the
broad third maximum was detected. The X-ray spectral state
around the main peak and the third maximum were confirmed
to be the SS. Since the innermost radius kept roughly constant
in the SS, and the relation between disk flux and temperature
was approximated by Fdisk ∝ T 4in, we interpreted the radius as
an ISCO. The innermost radius became larger in the hard state.
This suggests that the accretion disk was truncated. The X-ray
fluxes of two series of “hard-to-soft” transitions agreed within
a factor of two. By assuming that the “hard-to-soft” transitions
occurs 1–4% of Eddington luminosity, the lower limit of the
black hole mass is estimated to be 2.9 M⊙.
We also studied the relation between UV data in combina-
tion with X-ray data. Their joint spectral analysis revealed that
the UV emission is composed of direct MCD emission and its
reprocessed emission from outer disk. Using the sharp drop
found in both the light curves, the profile of time delay is ap-
proximated with a Gaussian profile centering at 3.5 days and
the width of 3.8 days FWHM. We conclude that the time dif-
ference reflects changing mass accretion rate accreting inward,
which possibly caused by local instability.
This research has made use of MAXI data provided by
RIKEN, JAXA and the MAXI team. We also thank the Swift
team for their observation. This work made use of data sup-
plied by the UK Swift Science Data Centre at the University of
Leicester.
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